Conclusions-This preliminary study confirms that natural antibacterial peptides are expressed in the anterior segment of the eye. There appears to be a pattern to the expression with inducible defensin 2 not expressed intraocularly and higher levels of defensin 1 than defensin 2 expressed in extraocular tissue. The implication is that defensin 1 is constitutively produced in ocular tissues and represents a key component of the innate immune system. (Br J Ophthalmol 2000;84:523-526) 
Defensins
1 are a family of highly conserved cysteine rich cationic proteins, which have an important role in combating microbial infection. They are found throughout nature, in plants as well as animals and have broad spectrum activity against Gram positive and Gram negative bacteria, as well as enveloped viruses and fungi. Defensins are attracted by the microbial membrane's negative charge and cause disruption by first binding, then intercalating, to form pores that destroy the integrity of the lipid bilayer. This dissipates the membrane potential and kills the cell. Defensins have a synergistic action with known antibacterial components of aqueous humour and the precorneal tear film, such as lysozyme and lactoferrin, as well as with antibiotics. As defensins rely on the physical properties of the bacterial cell envelope, they may have an increasingly important role as antibiotic resistance becomes more prevalent.
Two groups of defensins are recognised in humans: defensins, produced by neutrophils and the Paneth cells of the small intestine, and defensins secreted by epithelial, or epithelial derived tissues. The defensin production at mucosal surfaces is an important part of the innate immune system. Two human defensins have been described, 2 human defensin 1 (hBD-1) and human defensin 2 (hBD-2).
Eye tissue samples were collected from the anterior segment and used to assay for defensin mRNA production. We hypothesised that the highest defensin expression would be found in tissue with the greatest environmental exposure and that surgically induced inflammation would increase expression.
Quantitation of defensin mRNA was performed with a fluorescent polymerase chain reaction (PCR) (Taqman system). 3 Briefly, this uses a probe that hybridises to a target sequence within the PCR product. The probe is labelled 5' with a fluorescent reporter and 3' with a quencher dye. The proximity of the two dyes results in no overall fluorescence owing to a Förster type energy transfer. 4 During the extension step of the PCR, Taq polymerase cleaves the probe separating the reporter dye from the eVect of the quencher causing an increase in fluorescence. The increase in fluorescence is used to determine the progress of the reaction and is expressed as the change in fluorescence ( Rn) (relative to a passive reference dye) against the number of completed PCR cycles. A positive sample generates an increase in fluorescence that exceeds the threshold value (calculated by taking a point that is 10 SD greater than the average baseline between cycles 3-12), and the cycle number at which this occurs is termed the threshold cycle (C T ). By using known amounts of target DNA, a standard curve can be constructed that will give a range of C T values for diVerent starting gene copy numbers. From this graph the number of copies of defensin cDNA present in tissue samples can be determined.
Methods

PATIENTS
Thirty three patients undergoing ocular surgery were recruited to this study. Corneal epithelium, lens capsule, iris, and conjunctiva were collected from a total of 23 patients undergoing phototherapeutic keratectomy (PTK) (five), phacoemulsification (six), and trabeculectomy (12). Corneal epithelium removed before PTK as well as lens epithelium from patients undergoing cataract surgery and peripheral iridectomy specimens from six patients undergoing trabeculectomy were retained for analysis. Conjunctival biopsies (∼0.5 mm wide) were collected from a further six patients undergoing trabeculectomy. Impression cytology 5 (Millipore Corp, Bedford, MA, USA) was performed on a separate group of 10 patients in order to determine changes in the level of defensin expression in response to corneal and conjunctival surgery. These samples were obtained from the central corneal epithelium of six patients undergoing corneal tunnel phacoemulsification at the start of surgery, 3 hours, and 18 hours postoperatively. Conjunctival impression cytology was performed at the same time points on four patients undergoing a trabeculectomy with samples taken ∼60 degrees away from the site of the superiorly placed conjunctival flap. The study followed the tenets of the Declaration of Helsinki and had been approved by the local ethical committee. Informed consent was obtained from all patients after explanation of the nature and possible consequences of the study.
SPECIMEN PREPARATION
All samples were processed in an identical manner using standard laboratory techniques. In order to denature ribonucleases and preserve mRNA, both the tissue and impression cytology cellulose acetate disc samples were immediately transferred to tubes containing Trizol reagent (Gibco-BRL, UK) and stored at −70°C until the RNA was extracted. After homogenisation of the samples (and the Trizol in which they had been stored) in fresh Trizol, RNA was extracted with chloroform and precipitated by isopropanol. RNA quantification was performed using RiboGreen assay kit (Molecular Probes, Netherlands). The RNA underwent a DNAse incubation (Gibco-BRL, UK) to remove any contaminating genomic DNA, before reverse transcription using the following methods. Primers were annealed to the RNA sequences by heating a mixture of 18 µl of sample with 2 µl of a 100 µg mixture of random hexamer primers (Promega, UK) at 70°C for 10 minutes and then snap cooling on ice for 5 minutes. A 20 µl mixture containing the RNA dependent DNA polymerase (Superscript, Life Technologies, UK), buVer, bovine serum albumin, DTT (Life Technologies, UK), dNTPs (Promega, UK), and Rnasin (Rnase inhibitor) (Promega, UK) was incubated for 1 hour at 37°C. At the end of the incubation the RNA dependent DNA polymerase was inactivated by heating to 95°C for 5 minutes.
PCR PRIMERS AND METHODS
Real time semiquantitative PCR was performed using non-fluorescent primers and a double labelled internal probe. The probe was labelled 5' with FAM (6-carboxy-fluorescein) and 3' with TAMRA (6-carboxy-tetramehylrhodamine), that acted as a fluorescence quencher. The PCR was performed on a 7700 sequence detector (ABI Prism, USA) with primers (Table 1) designed from published sequences for glyceraldehyde-3-phosphate dehydogenase (GAPDH), hBD-1, and hBD-2. To confirm the specificity of the assay the PCR product was purified (Geneclean kit, BIO 101, CA, USA) and sequenced (Sequenase, Amersham).
DNA amplification was performed in 25 µl reaction volume, containing cDNA, 3.5 mM MgCL 2 , 2.5 µl of reaction buVer, 200 µM dNTPs, 300 nM forward and reverse primers, 100 nM of probe, 0.25 U of Amp Erase (Uracil n-Glycosylase), and 0.625 U of Ampli Taq Gold in the final reaction mix (all reagents Perkin Elmer, UK). The thermal cycling conditions were an initial 10 minutes at 94°C, followed by 50 cycles of denaturing at 94°C for 15 seconds, with combined annealing and extension at 60°C for 60 seconds. To confirm the elimination of genomic DNA contamination, a "no reverse transcription" (RT) control was included for all samples. Standard curves for hBD-1 and 2, correlating Rn with starting gene copy numbers, were generated using separate plasmids incorporating these genes: this enabled the starting template copy numbers for each sample to be determined. To take into account variation in the size of the samples defensin mRNA concentrations are expressed as a ratio to the levels of the housekeeping gene (GAPDH). This enabled defensin expression per unit tissue to be calculated for every sample.
Results
Direct sequencing of representative PCR amplicons extracted from the gel in the preliminary study confirmed the primer's ability to amplify hBD-1 and hBD-2 DNA (results not shown). A positive PCR result, demonstrated by an increase in fluorescence above threshold, indicated that hBD-1 and hBD-2 were amplified from 21 and five of the 23 tissue specimens respectively. hBD-2 was mainly expressed at lower levels than hBD-1 and was present only in specimens derived from the ocular surface (Table 2 ). Since the sensitivity of semiquantitative PCR declines at very low levels of template the mean hBD-1 level in the tissue samples was calculated from the 20 samples with PCR results more than 10 copy numbers ( Table 2) . A decline in hBD-1 expression was observed in the conjunctival impression cytology specimens over the time points studied (Fig 1) , although this change was not statistically significant (p=0.34, independent t test and p=0.083, non-parametric testing). hBD-2 mRNA was detected in three out of the four samples taken at the time of surgery, but became undetectable in two out of the four samples 3 hours postoperatively, and in three out of four samples at 18 hours postoperatively. The small numbers in this study precluded statistical analysis of the data. The levels of hBD-1 and 2 expression in the corneal impression cytology specimens were at the lower limit of the PCR's sensitivity preventing quantitative analysis of temporal patterns in defensin expression.
Conclusions
The first reports of ocular defensin expression demonstrated with non-quantitative PCR 6 7 that defensin mRNA is expressed on the ocular surface. Using a semiquantitative assay to measure the level of expression (Fig 2) we have confirmed these findings, demonstrated that defensins are also expressed intraocularly and provided novel information about the pattern of defensin expression in ocular tissues.
We have presented evidence that hBD-1 mRNA is expressed both intraocularly and extraocularly while hBD-2 expression is confined to the ocular surface. hBD-1 was detected more frequently and generally at higher levels than hBD-2 in both the tissue and impression cytology specimens. The overall pattern of defensin expression suggests that the two defensins have diVerent roles in the eye's innate immune response with hBD-1 serving as a defensive mechanism in the absence of inflammation. It is probable that the eye behaves like other mucosal surfaces where hBD-2 is inducible and inflammation increases its expression. 8 The semiquantitative RT-PCR assay used oVers certain advantages over qualitative tests, in particular the ability to measure directly, and in real time, the level of expression. In the future this may enable the factors that control defensin expression in vivo to be investigated. Combining the assay with impression cytology allows multiple ocular surface samples from the same patient to be analysed. Interpretation of our impression cytology results, which provide evidence of a decline in conjunctival hBD-1 expression in the immediate postoperative period, was limited by the assay's sensitivity and the small number of patients in this part of the study. Techniques to increase the PCR's sensitivity will need to be developed and the use of an additional extraction procedure, such as QIAmp Tissue Kit (Qiagen) that allows the separation of sample contaminants, would help prevent inhibitory material in clinical samples being carried over into the PCR decreasing sensitivity. Use of larger diameter impression cytology cellulose acetate discs may also play a part as these would double the surface area sampled increasing the number of cells and hence mRNA collected.
The ability to measure defensin expression accurately may provide molecular explanations for the mechanisms underlying ocular surface and intraocular infections. For instance the antibacterial properties of aqueous (in the absence of prophylactic antibiotics) are suYcient to eliminate the bacterial contamination of the anterior chamber that occurs in up to a third of cataract operations. 9 10 The demonstration of hBD-1 expression in uninflammed intraocular tissue suggests that this peptide may be partly responsible for the observed antimicrobial eVect, as has been previously postulated. 11 Another example is late endophthalmitis following trabeculectomy, which is associated with the use of antimetabolites that profoundly alter the morphology of the conjunctival bleb. Using the assay described to investigate whether alterations in defensin gene expression are implicated in the increased susceptibility of such blebs to infection, is now a real possibility. In the future, investigation of defensin expression may improve not just our understanding of the pathogenesis of ocular infections but provide us with the means both to intervene therapeutically and in the longer term by upregulating expression, reduce the chance of infection occurring. We are grateful to Mr P T Khaw, Mr R A Hitchings, and Mr R Collyer-Powell for their assistance with this study.
